Summary: The aim of this study was to examine the effect of thermal conditioning on the embryonic mortality
INTRODUCTION
The temperature of incubation is one of the most important physical factors which affect the embryo's development and hatching (Willemsen et al., 2010) . Thermal conditioning represents cyclic change of incubation temperature on certain days of embryonic development, and noticed benefits at its use such as potentiality of thermotolerance and the effect on production performances of broilers. The positive effects of this treatment and its simple implication could easily lead to introducing this way of manipulation as a standard procedure in hatcheries. The mechanism of the effect of thermal conditioning shows that the temperature directly affects muscular tissue. It can also have an indirect effect by means of thermoregulatory axis, that is, through the endocrine system, particularly through the thyroid hormones (Kanački, 2010) .
The first study that referred to the role of thyroid hormones in embryonic development with birds was set by Grossowicz (1946) , when he noticed that if chicken embryos are injected anti-thyroid substance "thiourea" between the day 7 and the day 17, it leads to the delayed hatching even up to 10 days. It is known today that the hormones of thyroid gland affect the proper development of chickens' embryos by being involved in the muscular development control, lung development and represent the trigger for switching from the chorioallantoic to pulmonary respiration, enabling the retraction of the yolk sac, development of gastrointestinal tract and brain and affecting thermoregulation as well (McNabb and King, 1993; De Groef at al., 2013 McNabb and Darras, 2015; Yahav et al., 2004) . The first half of the incubation is distinctive in its limited capability of thyroid gland to produce T3 (triiodothyronine) and T4 (thyroxine) hormones (Thommes, 1987) . It is only after 10.5 or 11.5 days of the embryonic development that the hypothalamic-pituitary-thyroid axis is activated and then the concentration of the thyroid hormones starts rising rapidly with slight fluctuations until the hatching out (Piestun et al., 2008; Yahav et al., 2004) .
The level of the incubation temperature affects the time needed for the development of chicken embryo. It is known that temperatures above the optimal expedite the embryonic development and shorten the incubation time (Kaplan et al.1978) , whereas lower temperatures decelerate this process and lead to the reverse effect (Black and Burggen, 2004) . Additionally, if the incubation temperature is too high or too low, embryonic mortality will increase and hatchability can drastically decrease (De Souza Morita et al., 2010; Decuypere et al., 1979; Suarez et al., 1996) . In their study, Kanački et al. (2013) concluded that thermal conditioning between the day 16 and day 18 of embryonic life gave positive effects such as the increase of chickens' weight in postnatal life, without influencing the mortality and conversion of food. They increased the incubation temperature above the optimal temperature (37.9°C) for 1.5°C in duration of 3 hours a day. The same authors, in their previous study came to the conclusion that this way of thermal conditioning during the embryonic life leads to the increase of the total percentage of proteins and dry matter in meat after the day 42 of fattening. Stojanović et al. (2015) stated that the changes in body weight and meat quality were the result of increased proliferation of satellite cells, as well as increased growth and development of skeletal musculature during postnatal life. The question is: how can this kind of thermal manipulation affect the embryonic mortality and hatching of broilers since these parameters were not determined in the above mentioned studies?
The aim of this study is to examine the effect of thermal conditioning (increase of the incubation temperature to 39˚C for three hours between the day 16 and 18 of embryonic development) on the mortality during the incubation and the time of embryonic mortality, as well as to examine the effect of this temperature regime on hatching. Also, the aim of this study was to determine the effect on thyroid gland hormone levels applying this way of thermal conditioning during the incubation period.
MATERIALS AND METHODS
400 fertile eggs of heavy hybrid "Ross 308" were used in this research derived from the parents' flock aged 54 weeks. 100 egg capacity incubators were used. The temperature in the incubators was regulated with the electric thermostat "Termoregulator ET-01" made by "Pro-Elektro", Novi Sad, Serbia. Humidity was kept between 50% and 60% until the day 18 of embryonic development, and 75% from the day 19 until the end of the incubation. The ventilation was adjusted to the appropriate stage of the embryonic development.
The eggs were randomly divided into two groups with two repetitions. Thermal manipulation was conducted in the same way as it was in the study of Stojanović et al. (2011) . The control (C) group (two incubators with 100 eggs each) were exposed to the standard incubation temperature of 37.8˚C during the whole embryonic development. The second, thermally conditioned (TC) group (two incubators with 100 eggs each) was incubated under the standard conditions as the control group until 15 th day of embryonic development. During 16 th , 17 th , and 18 th day of embryonic development the incubation temperature was increased to 39˚C for 3 hours (from 9:00 to 12:00). From the day 19 until the end of the incubation the incubation conditions were identical to those in the control group.
Using the random sample method, 10 eggs were taken from both groups (5 eggs from each incubator) on 15 th day of the incubation and the same amount of eggs on 19 th day of the incubation in order to take samples of blood to determine the level of free T3 (fT3) and free T4 (fT4) hormones. The blood was taken using cardiac puncture method and was placed in heparinised tube and then went through a centrifuge process (15 minutes at 3000 spins per minute). Tests used to determine the level of free T3 and free T4 hormone were "EIAgen Free T3 Kit" and "EIAgen Free T4 Kit" (Adaltis S.r.I., Italy), which are tests based on the principle of competitive enzyme immunological method.
After hatching, all the remaining eggs were cracked open to determine fertility and the time when the embryonic mortality started. The beginning of the embryonic mortality was determined based on the appearance of the embryos and then they were compared to the phase in embryonic development according to Bellaris and Osmond (1998) . Embryonic mortality and hatching were calculated upon the total of 360 eggs, i.e. 180 eggs per group, because previously, during the incubation, 20 eggs had been taken from both groups to determine the concentration of fT3 and fT4 hormones. Hatching, embryonic mortality and unfertilized eggs are expressed in percentages.
The results for the level of fT3 and fT4 hormones are shown as average values with standard deviation. The analysis of variance was conducted using the F test, whereas the comparison of groups' averages was conducted using the Student t-test on the level of importance of 95% (P<0.05). Statistica 13 was used for the calculations.
THE RESULTS
Vital embryos were found in all selected eggs. The effect of thermal conditioning on fT3 and fT4 hormones is summarised in Table 1 . The day before the use of thermal conditioning (day 15), there was no statistically significant difference between the control group and the experimental group for the levels of fT3 and fT4. On the other hand, on the day after the usage of thermal conditioning (day 19 of the embryonic development) there was a statistically significant difference on the level of P<0.05 for the hormones of the thyroid gland when C and TC groups are compared. On the day 19 of the embryonic development, the average value of fT3 hormone level was higher in TC group compared to C group, while the average value for fT4 was higher in the control group. The differences between the same symbols are on the level of significance of P<0.05 Table 2 shows the hatching rate, unfertilized eggs and the percentage of embryonic mortality, which happened during the whole incubation period. These values were calculated upon the whole number of 180 eggs per group because 20 eggs had been taken out of the incubator during the incubation period to determine hormones fT3 and fT4. Table 3 depicts the total embryonic mortality for both examined groups, and the percentage of death in the specific period of the embryonic development. The highest percentage of the mortality for both the control and the experimental group is noticed within the first 15 days of the incubation period. 
DISCUSSION
There are two stages in the development of a chicken embryo during the incubation period: 1. Differentiation and 2. Growth (Deeming, 2005) . The differentiation stage and organ formation is characteristic for the first half of the embryonic development (from day 1 to day 10.5). In this stage chicken embryos are capable of absorbing the heat from the surrounding air, because their temperature is on the lower level compared to the incubation temperature. Accelerated growth occurs in the second half of the embryonic development and the embryo has to free itself from the heat because the production of heat and the metabolism degree increase (Smith et al., 2008; Aminoraya et al., 2016) . Due to the inability of the embryo to regulate its own temperature, the temperature is regarded as the fundamental factor of incubation (Givisiez at al., 2001) .
Previous works (Yahav ae al., 2004; Aminoroaya at al., 2016; De Souza Morita et al., 2016) suggest that thermal conditioning, which implies cyclic changes in the temperature on particular days of embryonic development, leads to certain benefits. From the results obtained in our study it can be noticed that the values of both hormones are higher on the day 19 of the embryonic development compared to the day 15. They are in agreement with the results of Lu et al. (2007) who determined that the level of T3 is significantly low for the great part of the embryonic development and it is rising only from the day 18, and peaks on the day 20 of the embryonic development, which coincides with the embryo's transition to pulmonary respiration. This is an extremely critical period for the survival since at this stage embryos need oxygen and energy for hatching. Until 15 th embryonic day, the level of T4 is basically constant, after which its concentration starts rising and peaks on 19 th embryonic day. The same study proved the positive correlation of the embryos' weight with T3 and T4 hormones, which could suggest that thyroid hormones have a very important role in normal growth and development during embryogenesis. The increased activity of the thyroid gland in the last week of embryonic development is predominantly stimulated by increased hypothalamic stimulation on TSH (thyroid-stimulating hormone), which is synthesised in the pituitary gland (De Groef et al., 2008) .
Our study shows that the applied thermal manipulation leads to the increased concentration of fT3 hormone on 19 th embryonic day and, contrary to this, it causes decrease of fT4 concentration in embryos' blood compared to the control group on the same day (Table 1) . These results are in agreement with the results of Kanački et al. (2013) . Increased concentration of thyroid hormones, especially fT3, has a very important role in broilers' growth and development and can be considered as one of the essential factors in potency of thermoregulation (Piestun et al, 2008) and creation of better slaughtering features (Kanački et al., 2013) . Aminoroaya et al. (2016) examined the influence of similar thermal manipulatiom and they took out blood for the analysis after hatching. According to their study, T3 values in the treated group were higher compared to the control group, which is in agreement with our results. Right after the hatching, T4 values were also higher in the treated group compared to the control group, which is not in agreement with the results we obtained. One of the possible reasons for this disparity could be the fact that our group contained more male units, which around 18 th day of embryonic development have slightly lower T4 values compared to female units (Lu et al., 2007) . This cannot be determined with certainty since sexing of broilers' embryos was not performed in our study. The second possible reason for lower fT4 level with thermal conditioned embryos compared to the control group could lie in the concentration of fT3, which is slightly increased. According to Visser (1996) , T4 represents precursor for T3 synthesis which is biologically active, thus the increase in fT3 can lead to decrease in fT4, owing to increased process of monodeiodination which is under the influence of growth hormone (Kanački et al., 2013) .
The hatching percentage (Table 2) did not differ from the control group (82.2%) and thermally conditioned group (83.3%) on a large scale. Other authors (Yahav et al., 2004; Aminoroaya et al., 2016) , also came to the same conclusion that this kind of thermal manipulation does not affect the percentage of hatching. Contrary to our results, Collin et al. (2007) , who used thermal conditioning between 16 th , 17 th and 18 th day of embryonic development for 3 hours a day with the temperature of 39.5˚C, came to the conclusion that this kind of manipulation improves the hatching out percentage with the statistic significance of 95% compared to the control group, but that this thermal manipulation does not have a negative effect on the broilers' growth in postembryonic development.
The total embryonic mortality (Table 3) did not differ considerably in the control and the treated group. The highest percentage of embryonic mortality occurs in the first 15 days of the incubation, which of course is not connected to thermal manipulation applied from 16 th day of embryonic development. During the period of thermal conditioning (from 16 th to 19 th day) there was a slight increase in embryonic mortality within TC (31.2%), whereas in the control group this percentage was lower (23.5%) for the same period. On the other hand, after the usage of thermal conditioning a reverse process occurs, i.e. the embryonic mortality becomes slightly higher in the control group (17.6%) compared to the treated group (12.5%), which leads to the conclusion that the total embryonic mortality in this study does not change related to the applied thermal manipulation regime. De Souza Morita et al. (2010) underline that the embryos are more sensitive to higher temperatures at the end of the incubation period because higher incubation temperature for a longer period of time leads to intensive loss of water in the eggs, which causes late mortality due to dehydration of embryos. In this study, they used constant incubation temperature of 39˚C from the beginning until the end of the embryonic development, which was the cause of the increased embryonic mortality. At the same time, in the study of Williamsen et al. (2010) , the thermal manipulation was applied on the same days as it was in our experiment, but the temperature was raised to 40.6˚C for 24 hours constantly. Our study did not use such an intensive thermal manipulation during the whole incubation period, nor did it use extremely high temperatures that could have caused the embryonic mortality, thus there was no increase in the total of the embryonic mortality. These observations lead us to the conclusion that the thermal conditioning needs to be limited within narrow boundaries so that the positive effects could be displayed, and also that these temperatures do not cause the embryonic mortality.
CONCLUSION
Based on the presented facts, it can be concluded that the thermal conditioning applied in the study characterized by increasing the incubation temperature above the optimal (37.8˚C) to 39˚C for 3 hours a day on 16 th , 17 th and 18 th day of the embryonic development causes a slight increase in fT3 level on 19 th embryonic day as well as a slight decrease of fT4 concentration on the same day of the embryonic development. This type of thermal manipulation during the broilers' incubation did not leave any negative effect on the percentage of hatching. Furthermore, it did not affect the total embryonic mortality.
